The measured conoscopic transmission plot of a single Fuji-Wide View film [1] between crossed polarizers shows an asymmetric character which can not be explained by a twistless uniaxial birefringent compensation structure. Simulations point out the biaxial character of the Fuji-Wide View film. Furthermore simulations show that the orientation change of the molecules in the discotic layer is rather quadratic instead of linear.
Introduction
Although it is proven that the extension of the viewing angle of LCD's by adding birefringent compensators is limited [2] , this method still is very popular because of the simplicity. Fuji Photo Film developed a discotic negative birefringence compensation film, which provides excellent compensation for the poor viewing-angle performance of TN-LCD's [1] . It also realizes excellent compensation for other, promising kinds of LCD's as for instance π-cells. Nevertheless it has been shown that by adding extra compensation foils there is still room for improvement [4] .
Therefore the characterization of the Fuji-Wide View (WV) film is an important issue. In this paper we rely on measurements in order to prove the biaxial character of the compensation film. Furthermore, the agreement of measurement and simulation persuades us that the orientation change of the molecules in the discotic layer is rather quadratic instead of linear.
The conoscopic transmission plot of the
Fuji-WV film
Measurement
The measurement set-up is shown in figure 1 . The sample is positioned by two rotators in order to achieve the desired oblique incidence, the spectrum is measured by means of an optical multichannel analyzer. From the spectrum the color-coordinates and the luminance are calculated. Fuji-WV film consists of two parts [3, 4] : a TAC-substrate and a discotic compound layer with a hybrid alignment structure. The TACsubstrate is treated as a uniaxial birefringent layer with a negative birefringence, in which the molecules are oriented homeotropically (i.e. negative C-plate). The discotic layer is also treated Figure 1 : measurement set-up as uniaxial birefringent. The orientation of the negative birefringent molecules evolves from nearly homeotropical near the TAC-substrate to nearly horizontal near the free surface. According to the model the discotic layer is twistless, so all optical axes of the molecules of the hybrid aligned structure lie in the same plane. In our measurement the polarizing direction of the entrance polarizer is aligned with that plane. In figure 2 the measured iso-transmission contours are shown of one Fuji-WV film between crossed polarizers. The film is attached to the entrance polarizer, which is oriented horizontally. In horizontal viewing direction we notice that the transmission remains very low, which is in accordance with the Fuji-WV film model presented in figure 3 [3, 4] . On the conoscopic plot of figure 2 one can notice an asymmetry in the vertical viewing direction which cannot be explained by the model. According to figure 3 one would expect the same transmission for viewing directions that are symmetric with respect to the horizontal viewing direction. Hence one would expect a conoscopic transmission plot with vertical symmetry. There are two possibilities to explain the asymmetry. The first possibility is the occurrence of a small twist in the discotic layer. Measurement of the relative spectrum at normal incidence of the foil pointed out that this cannot be the case: when the orientation of the analyzer is such that transmission is at most, the relative spectrum is independent of wavelength. The second possibility is that the molecules of the Fuji-WV film are not uniaxially but biaxially birefringent. In this case the retardation in a positive vertical viewing angle can differ from the retardation in the corresponding negative vertical viewing angle. Initially, we assumed a linear orientation change of the fast axis throughout the discotic layer, the layer is then treated as a stack of 20 homogeneous biaxial layers. The Fuji-WV film is aligned with the polarizer, so ϕ=0 throughout the TAC-layer and the discotic layer. We assumed the yaw ψ to be constant. The tilt θ and the yaw ψ of both substrates are represented in figure 5. When comparing simulation (figure 6, left) with measurement (figure 2) it is easy to notice that the variation of the iso-transmission contours is larger Figure 5 : parameters TAC-layer and discotic layer in measurement than in simulation. Therefore we propose a molecular distribution with larger average tilt. For, the larger the average tilt, the more the conoscopic transmission plot will resemble the conoscopic plot of crossed polarizers which has large variations. We propose a quadratic tilt evolution, which resembles the tilt evolution of the LC-molecules near the alignment layers (switched state) and which respects the boundaries as proposed in [4] . The simulated conoscopic transmission plot is shown in figure 6 (right). 
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There are still some differences between measurement and simulation. This is mainly due to the neglect of dispersion and to the assumption of a constant yaw throughout the layers.
Measurement versus simulation of a Fuji-WV films compensated TN-LC test cell
We applied two Fuji-WV films to a first minimum TN-LC test cell. The liquid crystal mixture of the cell is ZLI 3276-100, the thickness of the cell is 4.8 µm. The applied voltage in the on-state is 6.0 V. The results of simulation and measurement are shown in figure 7 . In spite of the biaxiality of the Fuji-WV films, the conoscopic contrast plot of the film compensated TN-LC test cell is symmetric. This is due to the fact that a film is applied at each side of the TN-layer, aligned with the rub direction. That way the symmetry axis of the TNlayer remains a symmetry axis of the film compensated structure.
Conclusion
By comparing measurement and simulation we proved the biaxial character of the Fuji-WV film. The accurate characterization of the Fuji-WV film is important, because the compensating performance of the Fuji-WV film can still be improved. Simulations point out that the molecule distribution in the discotic layer is rather quadratic instead of linear. By assuming a molecule orientation that resembles the LC molecule orientation near the alignment layers, the accordance between simulation and measurement is very good. 
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